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Abstract 
 
A series of thiazole derivatives 1-4 were synthesized employing simple one-pot reaction 
pathway and characterized via Fourier Transform Infrared (FTIR), Proton Nuclear Magnetic 
Resonance (1H NMR), Ultraviolet-Visible (UV-Vis) and Gas Chromatography-Mass 
Spectrometry (GC-MS). The newly synthesized compounds were evaluated for their in vitro 
antimicrobial properties against several bacterial strains including Gram-positive and 
Gram-negative as well as fungus using broth microdilution method. The results revealed 
that all of the compounds exhibited good activity with a range of MIC values between 
1.25-5.0 mg/mL. From the MIC and MBC results, compound 1 exhibited good activities with 
same MIC value of 1.25 mg/mL and MBC value of 5 mg/mL against B. cereus and S. 
flexneri. In order to support antimicrobial results, the molecular docking studies were 
carried out for inhibition of the GlcN-6-P synthase as the target. Out of four compounds 
underwent for molecular docking studies, 5-acetyl-4-methyl-2-(4-aminobiphenyl)-1,3-
thiazole (1) shows the lowest minimum binding energy at -7.32 kcal/mol as compared to 
2, 3 and 4 with -7.31, -7.20 and -6.76 kcal/mol, respectively which are in agreement with 
antimicrobial assay results. In conclusion, 2, 4, 5-trisubstituted- 1,3- thiazole derivatives could 
be considered as promising antimicrobial in drug discovery candidates. 
   
Keywords: Thiazole derivatives, antimicrobial, GlcN-6-P synthase, molecular docking 
 
Abstrak 
 
Satu siri terbitan tiazol 1-4 telah disintesis menggunakan tindak balas mudah ‘one-pot’ dan 
dicirikan dengan kaedah spektroskopi Transformasi Fourier-Inframerah (FTIR), Proton 
Resonans Magnetik Nukleus (1H NMR) dan Sinar tampak ultraviolet (UV-Vis) serta 
Kromatografi Jisim Gas-Spektrometer (GC-MS). Sebatian baru yang disintesis ini telah diuji 
sebagai sebatian yang bercirikan antimikrob secara ‘in-vitro’. Ciri antimikrob ini telah diuji 
terhadap beberapa strain bakteria iaitu Gram-positif dan Gram-negatif serta fungus 
menggunakan kaedah kaldu mikrocairan. Keputusan mendapati kesemua sebatian yang 
diuji (1-4) mempunyai aktiviti di dalam julat nilai MIC diantara 1.25-5.0 mg/mL. Daripada 
nilai bacaan MIC dan MBC, sebatian 1 menunjukkan aktiviti yang bagus dengan nilai MIC 
pada 1.25 mg/mL dan MBC pada 5 mg/mL terhadap B. cereus dan S. flexneri. Seterusnya, 
kajian penyatuan molekul dilakukan ke atas semua sebatian (1-4) untuk merencat GlcN-
6-P sintase yang digunakan sebagai sebatian sasaran. Diantara empat molekul yang diuji, 
5-asetil-4-metil-2-(4-aminobifenil)-1,3-tiazol (1) menunjukkan tenaga pengikatan minimum 
Glucosamine-6-Phosphate synthase 
downloaded from www.rcsb.org 
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yang paling rendah iaitu -7.32 kcal/mol berbanding dengan sebatian 2, 3 dan 4 dengan 
nilai masing-masing iaitu -7.31, -7.20 dan -6.76 kcal/mol selari dengan keputusan ujian 
antimikrobial. Kesimpulannya, ujian selanjutnya boleh dilakukan ke atas sebatian terbitan 
1,3-tiazo berpenggantian-2, 4, 5 di dalam mencari sebatian baru dalam bidang 
penemuan ubatan baru. 
 
Kata kunci: Terbitan tiazol, antimikrobial, GlcN-6-P sintase, penyatuan molekul 
 
© 2020 Penerbit UTM Press. All rights reserved 
  
 
 
1.0 INTRODUCTION 
 
The past decade has seen the third world countries 
faced serious health problems caused by 
microorganisms such as pneumonia, bacteremia, 
typhoid, malaria, urinary tract infections, cough and 
other infections [1, 2]. All the diseases stated are 
caused by microorganisms that give severe 
symptoms for example nausea, vomiting, diarrhea, 
food poisoning and fever [3, 4]. Hence, the 
investigations and development of efficient and 
powerful antibiotics become an urgent demand for 
inhibition of those microorganisms. Antibiotic 
resistance has become challenges to the 
researchers to create new types of antimicrobial 
agents that can expand the old antibiotic’s bio-utility 
[5]. Thiazole and their derivatives have attracted 
unending interest over the years for their numerous 
biological activities [6]. It is also reported that thiazole 
ring moiety appears almost in the commercialized 
antibiotics and antiparasitic such as acinitrazole, 
penicillin, nitazoxanide, aminitrozle and various 
synthetic drugs in markets [7, 8, 9]. Recent surveys 
showed that thiazole compounds play important 
role as antibacterial, anti-inflammatory, 
anticonvulsant and anticancer agents [10, 11]. 
Structural activity relationship (SAR) study based on 
thiazole revealed that substituents on a particular 
position at position 2 and 4 of the 1,3-thiazole ring 
affect the biological behavior [12, 13]. Other than 
that, molecular docking study is a computer-assisted 
drug design (CADD) that is used to predict eligible 
orientation of ligand towards specific receptor. In this 
study, type of interaction such as hydrogen bonding 
between ligand and receptor can be determined [8, 
14].  
The target receptor namely Glucosamine-6-
phosphate synthase or known as GlcN-6-P synthase 
plays an important role as protection and building 
block of all types of cell in bacterial strains [15, 16]. As 
commonly known, inhibition of this enzyme will reduce 
the life-time of bacteria. These attributes suggest that 
GlcN-6-P synthase could be the main target for 
creating novel antimicrobial drugs with high selectivity 
and low-toxicity antibacterial activity. Taking into 
consideration of these properties, we designed a 
series of 1,3 thiazole derivatives, in which a bulky 
amine substituent was incorporated into the 2nd -
position, methyl group onto the 4th-position and acetyl 
group moiety was placed at the 5th-position of 
heterocyclic ring. Then, their antimicrobial properties 
towards selected microorganisms were tested. 
Molecular docking studies of the synthesized 
compounds were also performed for better 
understanding on interaction between the ligands 
and GlcN-6-P synthase (receptor). 
 
 
2.0 EXPERIMENTAL 
 
2.1 Materials and Methods 
 
All chemicals (reagent and solvent) were purchased 
from Merck, Sigma-Aldrich and HmbG® Chemicals 
Malaysia. The purity of these chemicals was 90-99% 
and used without further purification and distillation.  
 
2.2 General Experimental Procedures 
 
Melting points of the synthesized compounds were 
determined (uncorrected) using Stuart Scientific 
Melting Point Apparatus SMP3. 1H spectra (500 MHz) 
were recorded on NMR machine Bruker Ultra Shield 
Plus spectrometer using deuterated dimethyl 
sulfoxide-d6 (DMSO-d6) as solvent and at room 
temperature and tetramethylsilane (TMS) as an 
internal standard. Infrared (IR) spectra were recorded 
on Perkin Elmer FTIR GX spectrometer using KBr pellets. 
UV-Vis spectra were recorded via Shidmadzu UV-
1601PC spectrophotometer using methanol as 
solvent. Mass spectra were obtained from Perkin Elmer 
GC-MS (Clarus 500 Chromatography/ Mass 
Spectrometry) in electron impact (EI) ionization mode 
(70eV) by dissolving the synthesized compounds in 
methanol. 
 
2.2.1 General Procedures for the Synthesis of 2,4,5- 
Trisubstituted-1,3-Thiazole Derivatives 
 
3-Chloroacetyl acetone (5.0 mmol, 0.67 g) was 
reacted with ammonium thiocyanate (5.0 mmol, 0.38 
g) in acetone and the mixture was stirred for 15 
minutes at room temperature. Stirring was stopped 
after the formation of salt and the selected primary 
amine derivatives (5.0 mmol, 0.16 g) were added and 
refluxed at ca. 3 hours. The reaction was carried out 
to give yellow solution with white precipitate as by 
products. After completion of the reaction, the 
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reaction mixture was cooled to room temperature 
and filtered. The precipitate formed was filtered, dried 
and recrystallized from methanol to give thiazole 
derivatives (1-4). 
 
5-Acetyl-4-methyl-2-(4-aminobiphenyl)-1,3-thiazole (1) 
Yellow powder, yield: 74%; m.p: 201-202 °C; 1H NMR 
(500 MHz, DMSO-d6): δH 2.44 (s, 3H, CH3), 2.57 (s, 3H, 
CH3), 7.33 (t, J 7 Hz, 1H, Ar-CH), 7.45 (t, J 8 Hz, 2H, Ar-
CH), 7.66 (d, J 7.5 Hz, 2H, Ar-CH), 7.69 (pseudo-d, J 9 
Hz, 2H, Ar-CH), 7.70 (pseudo-d, J 9 Hz, 2H, Ar-CH), 10.89 
(s, 1H, NH of thiazole). IR (KBr pellet): ν(N-H) 3261 cm-1, 
ν(aromatic C-H) 3057 cm-1, ν(C=O) 1611 cm-1, ν(C=N) 
1547 cm-1, ν(C-S) 756 cm-1. UV-Vis (MeOH): λabs (π-π*) 
208 nm, 7070 M-1cm-1; λabs (Mixed π-π* and n-π*) 209 
nm, 6730 M-1cm-1; λabs (n-π*) 277 nm, 3720 M-1cm-1; λabs 
(π-π*) 355 nm, 7680 M-1cm-1. MW: 308.10; MS: m/z 
308.12 (M+). 
 
5-Acetyl-4-methyl-2-(4-isopropylaniline)-1,3-thiazole(2) 
Yellow powder, yield: 70%; m.p: 130-132 °C;
 1H NMR 
(500 MHz, DMSO-d6): δH 1.19 (s, 6H, 2 x CH3), 2.41 (s, 3H, 
CH3), 2.53 (s, 3H, CH3), 2.84 (m, J 7 Hz, 1H, CH), 7.23 
(pseudo-d, J 8.5 Hz, 2H, Ar-CH), 7.50 (pseudo-d, J 8.5 
Hz, 2H, Ar-CH), 10.71 (s, 1H, NH of thiazole). IR (KBr 
pellet): ν(N-H) 3281 cm-1, ν(aromatic C-H) 3081 cm-1, 
ν(C=O) 1614 cm-1, ν(C=N) 1523 cm-1, ν(C-S) 833 cm-1. 
UV-Vis (MeOH): λabs (Mixed π-π* and n-π*) 208 nm, 6270 
M-1cm-1; λabs (Mixed π-π* and n-π*) 235 nm, 5030 M-
1cm-1; λabs (π-π*) 351 nm, 9270 M-1cm-1. MW: 274.11; MS: 
m/z 274.10 (M+). 
 
5-Acetyl-4-methyl-2-(4-ethylaniline)-1,3-thiazole (3) 
Yellow powder, yield: 76%; m.p: 124-126 °C;
 1H NMR 
(500 MHz, DMSO-d6): δH 1.17 (t, J 7.5 Hz, 3H, CH3), 2.41 
(s, 3H, CH3), 2.51 (s, 3H, CH3), 2.57 (s, 3H, CH2), 7.21 
(pseudo-d, J 8 Hz, 2H, Ar-CH), 7.50 (pseudo-d, J 8.5 Hz, 
2H, Ar-CH), 10.71 (s, 1H, NH of thiazole). IR (KBr pellet): 
ν(N-H) 3270 cm-1, ν (aromatic C-H) 3077 cm-1, ν(C=O) 
1610 cm-1, ν(C=N) 1547 cm-1, ν(C-S) 841 cm-1. UV-Vis 
(MeOH): λabs (Mixed π-π* and n-π*) 206 nm, 5340 M-
1cm-1; λabs (Mixed π-π* and n-π*) 236 nm, 3720 M-1cm-
1; λabs (π-π*) 352 nm, 7880 M-1cm-1. MW: 260.10; MS: m/z 
260.10 (M+). 
 
5-Acetyl-4-methyl-2-(4-aminophenol)-1,3-thiazole (4) 
Yellow powder, yield: 70%; m.p: 138-140 °C;
 1H NMR 
(500 MHz, DMSO-d6): δH 2.38 (s, 3H, CH3), 2.51 (s, 3H, 
CH3), 6.78 (pseudo-d, J 8.5 Hz, 2H, Ar-CH), 7.35 
(pseudo-d, J 8.5 Hz, 2H, Ar-CH), 9.38 (s br, 1H, OH), 
10.46 (s, 1H, NH of thiazole). IR (KBr pellet): ν(N-H) 3080 
cm-1, ν(O-H) 3174 cm-1, ν(aromatic C-H) 3031 cm-1, 
ν(C=O) 1603 cm-1, ν(C=N) 1580 cm-1, ν(C-S) 827 cm-1. 
UV-Vis (MeOH): λabs (Mixed π-π* and n-π*) 230 nm, 5100 
M-1cm-1; λabs (n-π*) 260 nm, 3460 M-1cm-1; λabs (π-π*) 347 
nm, 6920 M-1cm-1. MW: 248.06; MS: m/z 248.13 (M+). 
 
 
 
Scheme 1 Synthesis of thiazole derivatives (1-4) 
 
 
2.3 Antimicrobial Activity 
 
2.3.1 Test Microorganisms 
 
The cultured and tested microorganisms include both 
Gram-positive, Gram-negative and fungus. Gram-
positive used were Bacillus cereus (ATCC11778), 
Bacillus subtilis (IMRB145/11C), Staphylococcus aureus 
(ATCC25923), Staphylococcus epidermidis 
(ATCC12228) while the Gram-negative selected were 
Escherichia coli (ATCC25922), Pseudomonas 
aeruginosa (ATCC27853), Shigella flexneri 
(IMR5430/07B) and Salmonella typhimurium 
(IMRS1406/08A). The fungus species used for 
antifungal activity was Candida albicans 
(ATCC10231). 
 
2.3.2 Minimum Inhibitory Concentration 
Determination (MIC) 
 
Minimum Inhibitory Concentration (MIC) is the lowest 
concentration of synthesized compounds required to 
inhibit growth of microorganisms. This assay was done 
by using microdilution method [17] by placing the 
medium into the 96-well plates. Synthesized 
compounds (1-4) in DMSO at concentration of 10 
mg/mL were added into first row of microplates and 
two-fold dilutions of the compounds were made by 
transferring 100 µL solutions into remaining wells. Next, 
10 µL of the culture suspensions were inoculated into 
all the wells. The microplates were incubated at 37 °C 
for 18-24 hours for bacteria and at 27 °C for 24-48 hours 
for fungus. Reference drugs used in this assay were 
Streptomycin (10 µg/mL) for bacterial strains and 
Clotrimazole (10 µg/mL) for fungal strain. After 
incubation, 20 µL (0.2 mg/mL) of resazurin solution was 
added to each well in order to determine the MIC 
values. The plates were then incubated for another 2 
hours. A change from blue to pink indicates reduction 
of resazurin and microorganisms growth. The MIC was 
defined as the lowest concentration that prevented 
this colour from changing. The assay was repeated 
and triplicate results were observed.  
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2.3.3 Minimum Bactericidal and Fungicidal 
Concentration Determination (MBC/MFC) 
 
Minimum bactericidal/fungicidal concentration 
(MBC/MFC) was determined by transferring and 
spreading the treated culture broth from the well 
containing the concentration equal to and higher 
than the MIC on agar plates [4]. The lowest 
concentration of the synthesized compounds (1-4) 
and the standard drugs that required to completely 
kill the microorganisms (no growth observed on the 
plates) after incubation at 37 ºC for 18-24 hours and 27 
ºC for 24-48 hours for bacteria and fungi, respectively 
was reported as minimum bactericidal/fungicidal 
concentration (MBC/MFC). 
 
2.4  Molecular Docking Study 
 
In order to determine the possible binding modes of 1-
4 that interact with target enzyme; GlcN-6-P synthase, 
docking studies were performed using the software 
programme Autodock 4.2. The enzyme as receptor 
was obtained from the RCSB Protein Data Bank 
(http://www.pdb.org/pdb/home/home.do) with the 
1MOQ code in pdb file format and used as rigid 
molecule [18]. At receptor structure, hydrogen atoms 
were added and water molecules were removed 
from amino acids. All the ligands (1-4) were drawn 
using Chem Draw Ultra 7.0 and saved in mol file and 
energies of the ligands were minimized before 
converted to pdb file format using Open Babel 2.4.1 
software. During docking, the grid dimensions must 
surround the region of receptor active site. Then, grid 
box was set at 46, 54 and 48 Å for x, y and z axes 
respectively. The volume of grid box was 31.98 Å by 
16.58 Å by -2.57 Å with points separated by 0.375 Å. 
The grid centre was fixed to 5.472, -6.194 and -10.694 
for x, y and z respectively which covered all the 12 
amino acid residues such as Cys300, Gly301, Thr302, 
Ser303, Ser347, Gln348, Ser349, Thr352, Val399, Ser401, 
Ala602 and Lys603 in the active pocket. Lamarckian 
Genetic Algorithm was used as docking algorithm with 
100 runs, 150 population size, 27,000 maximum 
numbers of generations and 2,500,000 maximum 
numbers of energy evaluation. 
 
 
3.0 RESULTS AND DISCUSSION 
 
3.1 Chemistry 
 
In this study, four new thiazole derivatives (1-4) have 
been successfully synthesized by reaction of 
haloketone; 3-chloroacetyl acetone with ammonium 
thiocyanate and selected primary amine compounds 
according to the procedure that illustrated in Scheme 
1. The thiazole compounds were synthesized 
according to the reported method in literature [19]. All 
derivatives were obtained in good percentage yield 
of 70-76 %. The synthesized compounds were 
characterized by using 1H NMR, FTIR, UV-Vis, Mass 
Spectrometry and melting point. There are five 
important bands in all FT-IR spectra such as ν(NH), 
ν(CH), ν(C=O), ν(C=N) and ν(C=S). N-H stretching 
band can be observed in the region of 3281-3080 cm-
1. Next, absorption band of aromatic C-H can be seen 
at 3081-3031 cm-1. C=O absorption band appeared as 
intense peak at 1614-1603 cm-1 as a result of high 
dipole moment due to partial negative charge 
character of oxygen atom [20,21]. C=N and C-S 
stretching bands can be observed at 1580-1523 cm-1 
and 841-756 cm-1 respectively similar as reported by 
[22]. Figure 1 shows the IR spectrum of 5-acetyl-4-
methyl-2-(4-aminobiphenyl)-1,3-thiazole (1) as 
representative of the series.  
Meanwhile, the 1H NMR spectra of 1-4 exhibited 
similar characteristic of two singlet peaks at δH 2.38-
2.57 ppm which were assigned as methyl protons at 4- 
and 5- positions. In the range of δH 7.21-7.59 ppm, 
roofing effect due to para substituted phenyl group 
can be observed in all compounds. Whereas, the NH 
of thiazole was found to be shifted to downfield region 
(δH 10.46-10.89 ppm) and appeared as a broad singlet 
peak. The presence of NH resonance is considered as 
evident to prove successful formation of thiazole ring 
[23,24]. Figure 2 shows the 1H NMR spectrum of 5-
acetyl-4-methyl-2-(4-aminobiphenyl)-1,3-thiazole (1) 
as representative of the series.    
In UV-Vis absorption study, spectra for all 
compounds exhibited similar pattern of three 
observable bands. The highest peaks which 
appeared at 209-260 nm was assigned as mixed π-π* 
and n-π* transitions which attributed by unsaturated 
moiety as well as presence of lone pair of electron in 
the molecule. Molecular ion peak in mass spectra for 
all compounds [m/z]+: 308.12, 274.10, 260.10 and 
248.13 for compounds 1, 2, 3 as well as 4 respectively. 
The values were found to be in good agreement with 
theoretical molecular weight of each compound.  
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Figure 1 Infrared spectrum of 5-acetyl-4-methyl-2-(4-aminobiphenyl)-1,3-thiazole (1) as representative of the group 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 2 1H NMR spectrum of 5-acetyl-4-methyl-2-(4-aminobiphenyl)-1,3-thiazole (1) 
 
 
3.2 Antimicrobial Activity 
 
All synthesized compounds 1-4 were analysed at 10.0 
mg/mL for their antimicrobial activity against eight 
bacterial strains (four Gram-positive and four Gram-
negative) and fungus strain. MIC value was 
considered the lowest concentration that displayed 
no growth after incubation. The results revealed that 
all synthesized compounds exhibited antimicrobial 
activity with MIC values ranging from 1.25 mg/mL to 
5.0 mg/mL. Overall, compound 1 with the biphenyl 
structure as substituent exhibited the greatest 
antibacterial activity. Particularly, compound 1 
exhibited MIC values of 1.25, 2.5, 1.25, 2.5 mg/mL 
against B. cereus, S. epidermidis, S. flexneri and 
S.typhimurium respectively as compared to other 
compounds. It was reported that delocalization of 
electrons in biphenyl structure of compound 1 plays 
crucial role in increasing the antibacterial behaviour 
[25]. Whereas, compound 2 and 3 with isopropyl and 
ѵ(N-H) 
ѵ(C-H) 
ѵ(C=O) 
ѵ(C=N) 
ѵ(C-S) 
S
N
H
N
O 1
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H
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ethyl as substituent, respectively show lower 
antibacterial activity. This observation suggested that 
the introduction of ethyl or branch (electron donating 
group) into the phenyl ring could not enhance the 
inhibitory activity [26]. However, compound 4 with OH 
moiety at the para position of phenyl ring of thiazole 
compound showed the lowest antibacterial activity. 
Besides, MIC results demonstrate that synthesized 
compound 1 and 2 displayed two times more potent 
antibacterial activity with concentration at 1.25 
mg/mL against B. cereus and S. flexneri as compared 
to synthesized compounds 3 and 4 with concentration 
at 2.5 mg/mL. However, lower MIC value of 
Streptomycin (standard) was observed at 
concentration at 0.078 and 0.16 mg/mL against B. 
cereus and S. flexneri respectively. 
 
Table1 Antimicrobial activity of title compounds. The 
negative control DMSO showed no activity 
  
Minimum Inhibitory Concentration; MIC 
(Minimum Bactericidal/Fungicidal Concentration; 
MBC/MFC) 
 Thiazole Compounds 
(mg/mL) 
Standard 
(µg/mL) 
1 2 3 4 S C 
BC 
 
1.25 
 
1.25 
 
1.25 
 
2.5 
 
0.078 
 
- 
(5.0) 
 
(5.0) 
 
(5.0) 
 
(10.0) (0.16)  
BS 
 
2.5 
 
2.5 
 
2.5 
 
2.5 
 
0.078 
 
- 
(5.0) 
 
(10.0) 
 
(5.0) 
 
(5.0) 
 
(0.31)  
SA 
 
2.5 
 
2.5 
 
2.5 
 
2.5 
 
0.31 
 
- 
(5.0) 
 
(5.0) 
 
(5.0) 
 
(10.0) (0.31)  
SE 
 
2.5 
 
5.0 
 
5.0 
 
5.0 
 
0.078 
 
- 
(5.0) 
 
(10.0) 
 
(10.0) (10.0) (0.31)  
EC 
 
2.5 
 
2.5 
 
5.0 
 
5.0 
 
0.078 
 
- 
(5.0) 
 
(5.0) 
 
(5.0) 
 
(10.0) (0.16)  
PA 
 
2.5 
 
2.5 
 
2.5 
 
2.5 
 
0.078 
 
- 
(2.5) (2.5) 
 
(2.5) (2.5) (0.078)  
SF 
 
1.25 
 
1.25 
 
2.5 
 
2.5 
 
0.16 
 
- 
(5.0) 
 
(5.0) 
 
(5.0) 
 
(5.0) 
 
(1.25)  
ST 
 
2.5 
 
5.0 
 
5.0 
 
5.0 
 
0.32 
 
- 
(5.0) 
 
(5.0) 
 
(5.0) 
 
(5.0) 
 
(0.32)  
CA 
 
2.5 
 
2.5 
 
2.5 
 
5.0 
 
- 0.078 
 
(5.0) 
 
(5.0) 
 
(5.0) 
 
(5.0) 
 
 (1.25) 
 
BC: B. cereus; BS: B. subtilis; SA: S. aureus; SE: S. epidermidis; 
EC: E. coli; PA: P. aeruginosa; SF: S. flexneri; ST: S. typhimurium; 
CA: C. albicans; S: Streptomycin; C: Clotrimazole 
Meanwhile, the average of lowest concentration of 1-
4 that completely killed all the bacterial strains and 
fungus tested were between 2.5 and 10.0 mg/mL, 
respectively. For instance, MBC values for 
P.aeruginosa (Gram-negative) and S. aureus (Gram 
positive) against all compounds tested were 2.5 and 
5.0 mg/mL. Whereas the MFC values of 1-4 against C. 
albicans showed equal value of 5.0 mg/mL. The 
details of antimicrobial results of the thiazole 
derivatives towards bacteria and fungus are shown in 
Table 1. The results of antimicrobial activity test 
revealed that compound 1 showed the highest 
activity against all microbes tested followed by 
compounds 2, 3 and 4. According to the previous 
literature, substituent on the para position of phenyl 
skeleton plays a major role in the inhibition of bacteria 
and fungi [27]. In general, all the tested compounds 
exhibited promising behaviour as antimicrobial 
agents.  
 
3.3 Molecular Docking 
 
Inhibition of the GlcN-6-P synthase gives a major role 
to the population of bacteria by disturbing the 
production and biosynthesis of cell membrane [15,28]. 
In this work, orientation of ligands interaction in the 
active site of the GlcN-6-P synthase was determined 
by automated docking [16]. Figure 3 displayed the 
best generated conformers after 100 runs for 1-4 in the 
binding pocket of GlcN-6-P synthase. The docking of 
ligands molecules with enzyme revealed that all 
compounds exhibited hydrogen bonding interactions 
more than one amino residues such as Gly348, Thr355 
and Ser401 in the active pockets of GlcN-6-P synthase. 
Binding energy and binding interactions of the ligands 
were predicted in the study which are tabulated in 
Table 2. Docking results found that amino acid 
residues listed in Table 2 play essential role in the 
inhibition [29, 30].  
 
 
 
1 
2 
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Figure 3 Docked conformations of 1-4 (thick stick model) in 
the active site of GlcN-6-P synthase (thin stick and solid 
ribbon model) 
 
 
Compound 1 was found to be the most potent 
derivative prepared in this series with high number of 
hydrogen bonding interactions with amino acid 
residues namely Gln348, Ser303, Thr302 and Val399 
compared to 2 (Gln348, Ser303, Thr352), 3 (Thr302, 
Ser401) and 4 (Lys603, Thr355). From the molecular 
structure of ligands, it can be observed that amine 
(NH) group in all thiazole derivatives (1-4) form 
hydrogen bonding with amino acid residues namely 
Val399 (1.887 Å), Ser401 (2.649 Å) and Lys603 (2.179 Å). 
Besides, hydroxyl (OH) group that is attached to the 
phenyl group in compound 4 tends to form hydrogen 
bonding with Thr355 (2.319 Å). The presence of 
different substituents attached on phenyl of thiazole 
derivatives which is benzene, isopropyl, ethyl and 
hydroxyl respectively affects the interaction 
performance of ligands towards amino acid residues 
by forming hydrogen bonding which inhibiting the 
formation of diphosphate N-acetylglucosamine (UDP-
GlcNAc) which is essential for macromolecules 
building block for cell wall assembly and significantly 
reduced the lifespan of bacteria [28,31].  
On the other hand, based on molecular docking 
result, compound 1 displayed the best binding energy 
(-7.32 kcal/mol) compared to other ligands in 
following order; 1 > 2 > 3 > 4. Excellent binding energy 
of inhibitor-enzyme complex is mostly due to the 
strong hydrogen bonds that formed between them 
with bond length less than 3.00 Å [28].  This finding 
suggested that the increasing number of hydrogen 
bonding interactions that was formed between ligand 
and amino acid residues will produce lowest value of 
binding energy [32]. Therefore, it can be suggested 
that molecular docking results provide valuable 
information about the interaction of synthesized 
thiazole compounds (1-4) with antimicrobial assay. 
Table 2 Docking results of 1-4 and standard drugs against 
GlcN-6-P synthase 
 
Ligand Binding 
Energy 
(kcal/mol) 
Amino 
Acid 
Residues 
H-bonding 
(distance 
Å) 
1 -7.32 Gln348 2.838 
  Ser303 2.708 
  Thr302 2.679 
  Val399 1.887 
2 -7.31 Gln348 3.076 
  Ser303 2.515 
  Thr352 3.161 
3 -7.20 Thr302 2.827 
  Ser401 2.649 
4 -6.76 Lys603 2.179 
  Thr355 2.319 
Streptomycin -7.66 Val399 1.244 
  Ser401 1.393 
  Cys300 1.231 
  Ala602 1.238 
  Asn600 1.235 
  Thr302 1.245 
  Glu488 1.448 
Clotrimazole -8.18 Gln348 2.839 
  Ser401 2.649 
  Ser303 3.081 
  Thr352 2.909 
 
 
4.0 CONCLUSION 
 
Herein, a series of new 2, 4, 5-trisubstituted-1,3-thiazole 
derivatives were successfully synthesized, 
characterized with determination of their 
antimicrobial activities against bacterial strains and 
fungus. All synthesized compounds showed significant 
activity against tested microorganisms with the MIC 
and MBC values in the range of 2.5-10.0 mg/mL and 
1.25-5.0 mg/mL respectively. In particular, compound 
1 was found to be more significant and promising 
antimicrobial agent due to its good MIC and MBC 
values in the range of 1.25-2.5 mg/mL and 2.5-5.0 
mg/mL respectively. Molecular docking studies also 
revealed that compound 1 has the lowest binding 
energy and can be considered as good inhibitor 
towards GlcN-6-P synthase. Further research is needed 
for this purpose including the combinations of 
synthesized compounds with conventional drugs 
(synergism study) as well as their mode of action 
against microorganisms.  
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